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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

�[0001] The present invention relates, generally, to a
manual- �mode operating system for a robot.

2. Description of the Related Art

�[0002] Generally, in an application wherein an end-�ef-
fector is attached to a robot for working, it is practiced to
adjust the orientation of the end-�effector, in a manual
mode, to teach a task that the end-�effector should exe-
cute on an object (e.g., a workpiece) or for the optional
changing of the orientation of the end-�effector. For ex-
ample, in a robot for handling, such as transferring, a
workplace (so called a handling robot), when teaching a
manipulator, with a hand attached thereto, the task of
picking up a workpiece placed on a workpiece support
by the hand or the task of placing the workpiece gripped
by the hand onto the workpiece support, it becomes nec-
essary to change the orientation of the hand in various
ways.
�[0003] In the case where a manual mode operation is
carried out, it is generally required that a coordinate sys-
tem for describing the manual mode operation (referred
to as "a manual-�mode coordinate system" in this appli-
cation) is designated to a robot controller, except for the
case where a certain control axis provided in a manipu-
lator is designated to have the manipulator carry out an
act in association with the designated control axis. As for
the orientation adjustment of the end-�effector, the exist-
ing tool coordinate system, in which the tip end point of
a tool (one of the end-�effectors) is the origin, is often used
as the manual-�mode coordinate system to be designat-
ed, but there are also cases where a newly provided man-
ual- �mode coordinate system is designated. In order to
set a new manual-�mode coordinate system, techniques
such the three-�point teaching or the six- �point teaching
are used.
�[0004] US 5 608 618 discloses a method to set a new
manual mode coordinate system. This method requires
the presence of a rectangular reference sample, because
the coordinate system is adjusted to the edges of the
reference sample. Essentially, an end- �point of the end-
effector is brought in touch with the reference sample.
Thereby, it is possible to transfer coordinate system data
- represented by the edges of the reference sample - into
the robot controller. Thereto, the following steps must be
performed: (i) The origin of the coordinate system is
linked to the end point of an end-�effector. (ii) The end-
effector is adjusted with jog-�feed commands to the de-
sired origin of the coordinate system, preferably a vertex
of the reference sample. (iii) this point is stored in the
robot controller. (iv) For the adjustment of the orientation
of the coordinate system, the end- �effector is moved along

a first axis of the coordinate system to a second point.
(v) With a rotation around a second axis of the coordinate
system, the third axis can be adjusted to the reference
sample. This third axis is adjusted, when the end point
of the end-�effector is in touch with the surface of the ref-
erence sample. (vi) Then a rotation around the third axis
is preformed to adjust the second axis. This second axis
is adjusted when the end- �point of the end-�effector coin-
cides with an edge of the reference sample.
�[0005] The manual-�mode coordinate system in rela-
tion to the orientation adjustment of the end-�effector is
normally set on or near the end- �effector, and, in the man-
ual mode operation, the direction of rotation in a coordi-
nate of the set manual-�mode coordinate system is des-
ignated so as to change the orientation of the end-�effector
about the origin of the manual- �mode coordinate system
(or the tool end point in the case of the tool coordinate
system) in the designated direction of rotation. In this
connection, the manual-�mode coordinate system is gen-
erally a rectangular three-�axis coordinate system, and it
is possible to perform the orientation change about the
origin under a rotating motion about each coordinate axis
of the manual-�mode coordinate system by, for example,
selecting either one of six keys (+X axis rotation, -X axis
rotation, +Y axis rotation, -Y axis rotation, +Z axis rota-
tion, -Z axis rotation) of a teaching unit provided for the
robot and operating it for an input operation.
�[0006] However, in the conventional procedure, if it is
attempted to set the origin of the manual.-mode coordi-
nate system at a position desired as a center of the ori-
entation adjustment of the end-�effector, a setting condi-
tion cannot be visually confirmed, so that the manual
mode operation should be repeated in a trial-�and-�error
manner to select a most suitable coordinate system. This
is somewhat complicated work requiring an operator’s
skill. Furthermore, even when the manual-�mode coordi-
nate system has been set successfully at a proper posi-
tion, it is necessary to reset the manual- �mode coordinate
system if the working environment changes.
�[0007] In view of this, another procedure may be adopt-
ed, in which the origins of a plurality of manual-�mode
coordinate systems are previously set at a plurality of
positions on or near the end-�effector and the most effec-
tive origin and the most effective manual-�mode coordi-
nate system are selectively used in correspondence to
the change in the working environment of the robot to
adjust the orientation of the end-�effector in the manual
mode. However, in this procedure, it is, in practice, diffi-
cult to set a large number of the origins of coordinates to
correspond to all possible changes in the working envi-
ronment, and also it becomes necessary to use many
working steps to set the plural origins of coordinates,
which is liable to increase the operator’s load. These
problems in the orientation adjusting motion for the end-
effector are associated not only with the hand but also
with various end- �effectors other than the hand.
�[0008] Similar problems may also arise in the case
where, for a robot in an off-�line programming system (so-
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called a simulation robot) rather than an actual robot, the
orientation adjustment of the end-�effector is carried out
in a virtual three- �dimensional simulation space as previ-
ously provided. In other words, when the orientation of
the end-�effector of the simulation robot is adjusted in a
manual mode in the simulation space, no countermeas-
ure has been taken to easily and properly set the manual-
mode coordinate system, so that it has conventionally
been difficult to efficiently implement proper off-�line
teaching by freely adjusting the orientation of the end-
effector of the simulation robot.

SUMMARY OF THE INVENTION

�[0009] It is an object of the present invention to provide
a manual-�mode operating system, for a robot, which is
able to readily and accurately execute the adjustment of
the orientation of an end-�effector, without requiring an
operator’s skill, for an actual robot as well as for a simu-
lation robot.
�[0010] To accomplish the above object, the present
invention provides a manual- �mode operating system for
a robot provided with an end-�effector, comprising a dis-
play section including a screen for displaying an image
of an end-�effector; a first input section for an input of
coordinate system data on the screen of the display sec-
tion, displaying the image of the end-�effector, the coor-
dinate system data designating a manual-�mode coordi-
nate system used for describing an orientation of the end-
effector; a coordinate system setting section for setting
the manual- �mode coordinate system at a spatial position
corresponding to an input position on the screen of the
display section, based on the coordinate system data
input through the first input section; a second input sec-
tion for an input of orientation data using the manual-
mode coordinate system set through the coordinate sys-
tem setting section, the orientation data instructing the
orientation of the end-�effector; and an orientation adjust-
ing section for adjusting the orientation of the end-�effec-
tor, based on the orientation data input through the sec-
ond input section.
�[0011] In the preferred aspect of the present invention,
the above-�described manual-�mode operating system
may comprise a robot mechanism including the end- �ef-
fector, and the orientation adjusting section may control
an actual motion of the robot mechanism in a manual
mode, to adjust an actual orientation of the end-�effector,
based on the orientation data.
�[0012] In this arrangement, the manual-�mode operat-
ing system may comprise a robot controller for controlling
a motion of the robot mechanism, and the orientation
adjusting section may be provided in the robot controller.
�[0013] Further, the coordinate system setting section
may be provided in the robot controller.
�[0014] Also, the manual-�mode operating system may
comprise a teaching unit connected to the orientation ad-
justing section, and the display section, the first input
section and the second input section may be provided in

the teaching unit.
�[0015] In this arrangement, the coordinate system set-
ting section may be provided in the teaching unit.
�[0016] The manual-�mode operating system may also
comprise a data processor connected to the orientation
adjusting section, and the coordinate system setting sec-
tion may be provided in the data processor.
�[0017] In the other preferred aspect of the present in-
vention, the manual-�mode operating system may com-
prise a data processor provided with the orientation ad-
justing section, and the orientation adjusting section may
adjust the orientation of the end-�effector represented as
the image displayed on the screen of the display section,
based on the orientation data.
�[0018] The display section may display the manual-
mode coordinate system, set through the coordinate sys-
tem setting section, on the screen.
�[0019] The display section may also display a shifting
state of the end-�effector during a period when the orien-
tation is adjusted by the orientation adjusting section.
�[0020] The manual-�mode operating system may fur-
ther comprise a storage section for storing working en-
vironment data including shape data of the end-�effector,
and the display section may acquire the working envi-
ronment data from the storage section and display an
image of a working environment including the image of
the end-�effector on the screen.
�[0021] In the above manual-�mode operating system,
the coordinate system data, input through the first input
section, may include origin coordinate data of the man-
ual- �mode coordinate system, and the coordinate system
setting section may set the manual-�mode coordinate sys-
tem, including a coordinate axis parallel to a coordinate
axis of another coordinate system previously set for de-
scribing position and orientation of the robot, based on
the origin coordinate data input through the first input
section.
�[0022] Alternatively, the coordinate system data, input
through the first input section, may include data of a ge-
ometrical image implying an input position on the screen
of the display section, and the coordinate system setting
section may set the manual- �mode coordinate system so
as to coincide with a coordinate system previously set in
association with the geometrical image, based on the
data of the geometrical image input through the first input
section.
�[0023] The end-�effector may be provide with a mova-
ble portion and, when the coordinate system data des-
ignating the manual-�mode coordinate system is input on
an image of the movable portion displayed on the screen
of the display section, the coordinate system setting sec-
tion may change the coordinate system data in corre-
spondence to an actual motion of the movable portion
and set the manual-�mode coordinate system, based on
the coordinate system data as changed.
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BRIEF DESCRIPTION OF THE DRAWINGS

�[0024] The above and other objects, features and ad-
vantages of the present invention will become more ap-
parent from the following description of preferred embod-
iments in connection with the accompanying drawings,
wherein:�

Fig. 1 is a block diagram showing a basic configura-
tion of a manual-�mode operating system for a robot,
according to the present invention;
Figs. 2A and 2B are block diagrams respectively
showing preferred aspects of the manual-�mode op-
erating system according to the present invention;
Fig. 3 is an illustration typically showing a configu-
ration of a manual-�mode operating system according
to one embodiment of the present invention;
Fig. 4 is a schematic plan view showing a teaching
unit used in the embodiment of Fig. 3;
Fig. 5 is a flowchart showing a procedure of a manual
mode operation in the embodiment of Fig. 3;
Fig. 6 is a flowchart showing a procedure for correct-
ing origin coordinate data in a manual-�mode coordi-
nate system;
Fig. 7 is an illustration showing one example of co-
ordinate system data input through a screen of a
display section;
Fig. 8 is an illustration showing a display example of
the manual-�mode coordinate system set on the basis
of the coordinate system data shown in Fig. 7;
Fig. 9 is an illustration showing another example of
coordinate system data input through a screen of a
display section;
Fig. 10 is an illustration showing a further example
of coordinate system data input through a screen of
a display section;
Fig. 11 is an illustration showing a display example
of the manual-�mode coordinate system set on the
basis of the coordinate system data shown in Figs.
9 and 10;
Fig. 12 is an illustration showing a yet further exam-
ple of coordinate system data input through a screen
of a display section;
Fig. 13 is an illustration showing a display example
of the manual-�mode coordinate system set on the
basis of the coordinate system data shown in Fig. 12;
Fig. 14 is an illustration typically showing a configu-
ration of a manual-�mode operating system according
to another embodiment of the present invention;
Fig. 15 is a flowchart showing a procedure of a man-
ual mode operation in the embodiment of Fig. 14; and
Fig. 16 is a flowchart showing a procedure of a man-
ual mode operation in a manual-�mode operating sys-
tem according to a further embodiment of the present
invention.

DETAILED DESCRIPTION

�[0025] The embodiments of the present invention are
described below, in detail, with reference to the accom-
panying drawings. In the drawings, the same or similar
components are denoted by common reference numer-
als.
�[0026] Referring to the drawings, Fig. 1 shows, as a
block diagram, a basic configuration of a manual-�mode
operating system for a robot, according to the present
invention. The manual-�mode operating system 10, ac-
cording to the present invention, is provided with a display
section 16 including a screen 14 for displaying an image
of an end-�effector 12; a first input section 18 for an input
of coordinate system data on the screen 14 of the display
section 16, which is displaying the image of the end-�ef-
fector 12, the coordinate system data designating a man-
ual- �mode coordinate system used for describing an ori-
entation of the end-�effector 12; a coordinate system set-
ting section 20 for setting the manual-�mode coordinate
system at a spatial position corresponding to an input
position on the screen 14 of the display section 16, on
the basis of the coordinate system data input through the
first input section 18; a second input section 22 for an
input of orientation data using the manual-�mode coordi-
nate system set through the coordinate system setting
section 20, the orientation data instructing the orientation
of the end- �effector 12; and an orientation adjusting sec-
tion 24 for adjusting the orientation of the end-�effector 12
on the basis of the orientation data input through the sec-
ond input section 22.
�[0027] According to the manual-�mode operating sys-
tem 10 having the above-�described configuration, it is
possible for an operator to input, on the screen 14, the
coordinate system data for designating the manual-�mode
operating system while visually confirming the image of
the end-�effector 12 displayed on the screen 14 of the
display section 16. Therefore, it is possible to readily and
accurately execute the adjustment of the orientation of
the end-�effector 12, without requiring an operator’s skill,
for an actual robot as well as for a simulation robot.
�[0028] Figs. 2A and 2B respectively show, as block
diagrams, preferred aspects of the manual-�mode oper-
ating system 10 having the above basic configuration.
As shown in Fig. 2A, the manual-�mode operating system
10 may include a robot mechanism 26 including said end-
effector 12. Also, in this arrangement, the orientation ad-
justing section 24 may control an actual motion of the
robot mechanism 26 in a manual mode, to adjust an ac-
tual orientation of the end-�effector 12, on the basis of the
orientation data input through the second input section
22. This aspect is directed for the adjustment of the ori-
entation of the end-�effector 12 for an actual robot.
�[0029] Alternatively, as shown in Fig. 2B, the manual-
mode operating system 10 may include a data processor
28 provided with the orientation adjusting section 24. Al-
so, in this arrangement, the orientation adjusting section
24 may adjust the orientation of the end-�effector 12 rep-
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resented as the image displayed on the screen 14 of the
display section 16, on the basis of the orientation data
input through the second input section 22. This aspect
is directed for the adjustment of the orientation of the
end-�effector 12 for a simulation robot.
�[0030] Fig. 3 typically shows a configuration of a man-
ual- �mode operating system according to one embodi-
ment of the present invention. This embodiment relates
to the manual- �mode operating system 10 for an actual
robot, as shown in Fig. 2A, so that the corresponding
components are denoted by common reference numer-
als and the descriptions thereof are not repeated. In this
embodiment, a robot controller 30 controls the operations
of respective control axes provided in the robot mecha-
nism 26. A movable hand 12 is attached, as the end-
effector 12, to the distal end of an arm of the robot mech-
anism 26. The opening or closing action of the hand 12
is executed through the operation of an additional control
axis (e.g., the seventh axis in a six-�axis robot). In this
arrangement, the robot controller 30 controls the opera-
tion of the additional control axis so as to make the hand
12 open or close, and recognizes the existing condition
of the hand 12 (i.e., the existing position of the additional
control axis) as occasion demands.
�[0031] The robot controller 30 is further connected with
a teaching unit 32 and peripheral equipment 34 through
respective interfaces (not shown). As shown in Fig. 4,
the teaching unit 32 includes electronic parts incorporat-
ed therein, such as a CPU 36, a memory (or a storage
section) 38, etc., and is also provided with a display
screen 14 and various operation keys 40 arranged on
the outer surface of a casing. The teaching unit 32 pos-
sesses a manual- �mode operating function for causing
respective control axes of the robot mechanism 26 to
operate in a parallel translation or rotation on the desig-
nated coordinate system, and the other normal functions,
such as the editing or correcting of a program, the enter-
ing or correcting position data, and so on. In Fig. 4, the
operation keys 40 for the manual mode operation are
labeled with symbols "a1" to "a4", "b1" to "b4", and "c1"
to "c4". The operation keys 40 for the manual mode op-
eration are individually shiftable between a depressed
state (upon being operated) and a non-�depressed state
(upon being not operated). When the respective keys are
maintained in the depressed state, a signal for causing
the corresponding one of the following motions, which
should be performed in small increments, in the desig-
nated coordinate system (the manual- �mode coordinate
system) is issued to the robot controller 30, and when
the respective keys are shifted into the non-�depressed
state, a signal for stopping the motions at the existing
position is issued to the robot controller 30.

Key "a1" ... Translational motion in +X axis direction
Key "a2" ... Translational motion in -X axis direction
Key "b1" ... Translational motion in +Y axis direction
Key "b2" ... Translational motion in -Y axis direction
Key "c1" ... Translational motion in +Z axis direction

Key "c2" ... Translational motion in -Z axis direction
Key "a3" ... Normal Rotational motion about X axis
Key "a4" ... Reverse Rotational motion about X axis
Key "b3" ... Normal Rotational motion about Y axis
Key "b4" ... Reverse Rotational motion about Y axis
Key "c3" ... Normal Rotational motion about Z axis
Key "c4" ... Reverse Rotational motion about Z axis

�[0032] The peripheral equipment 34 includes, for ex-
ample, a workpiece transfer device or a machine tool,
and sends a signal indicating an existing condition (e.g.,
a workpiece transfer position, the opening or closing state
of a workpiece entrance door in a machine tool, etc.) as
an I/O signal to the robot controller 30, in response to a
request signal from the robot controller 30.
�[0033] In the manual-�mode operating system accord-
ing to the illustrated embodiment, the orientation adjust-
ing section 24 (Fig. 2A) is provided in the robot controller
30, and the teaching unit 32 is connected to the orienta-
tion adjusting section 24. Also, the display section 16,
the first input section 18 and the second input section 22
are provided in the teaching unit 32. Further, the coordi-
nate system setting section 20 (Fig. 2A) is provided in
the CPU 36 of the teaching unit 32.
�[0034] The teaching unit 32 is switched into "an exist-
ing condition displaying mode" by, for example, depress-
ing the key "d". In the existing condition displaying mode,
the CPU 36 receives data indicating the existing condi-
tions of the robot mechanism 26, the hand 12 and the
peripheral equipment 34 from the robot controller 30 re-
peatedly, at a sufficiently short period, and stores the
data in the memory 38. On the other hand, the shape
data and layout data of the robot mechanism 26, the hand
12 and the peripheral equipment 34, prepared by, for
example, an off-�line programming unit possessing a mo-
tion simulating function, are previously stored in the
memory 38 of the teaching unit 32. Then, the CPU 36
executes the operation for displaying an image, in the
form of a three- �dimensional (3D) graphic, showing the
existing condition of a working environment including the
robot mechanism 26, the hand 12 and the peripheral
equipment 34 on the screen 14, on the basis of the shape
data, layout data and existing condition data (generally
referred to as working environment data, in this applica-
tion) of the robot mechanism 26, the hand 12 and the
peripheral equipment 34 (i.e., the function of the display
section 16).
�[0035] An operator can freely select the viewing direc-
tion or angle of the 3D display on the screen 14 of the
teaching unit 32 by using, for example, the keys "e1" to
"e6" of the teaching unit 32. Then, when the operator
designates a desired setting position of "a manual-�mode
coordinate system" on the screen 14 graphically display-
ing the existing condition and depresses, e.g., the key "f"
(a manual-�mode coordinate system setting key), it is pos-
sible to automatically set the manual- �mode coordinate
system with the origin coordinate thereof located at the
designated position (i.e., the functions of the first input
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section 18 and the coordinate system setting section 20).
The flow of the entire procedure of a manual-�mode op-
erating process will be described with reference to Fig.
5, together with the explanations of an example of the
display screen 14, an example of the designating step of
the manual-�mode coordinate system, a process after
designation, and so on.
�[0036] First, at step S1, the key "d" of the teaching unit
32 is depressed to enter the existing condition display
mode, so as to display a 3D graphic image on the screen
14. The displayed image includes at least an image rep-
resenting the existing condition of the hand 12. To this
end, the CPU 36 receives the existing position data of
the robot mechanism 26 and the open/�close position data
of the hand 12 (or the position data of the additional axis)
from the robot controller 30, and calculates a region oc-
cupied by the hand 12 in a layout space by using the
received data as well as the layout data of the robot mech-
anism 26 and the shape data of the hand 12, both stored
in the memory 38. Based on the results of the calculation,
the 3D displaying of the hand 12 is carried out through
the display section 16 (Fig. 2A).
�[0037] Also, as occasion demands, the existing con-
ditions of the robot mechanism 26, the peripheral equip-
ment 34, a workpiece, etc. are displayed in the form of
3D graphics together with the hand 12. In order to display
the robot mechanism 26, the CPU 36 uses the existing
position data of the robot mechanism 26 received from
the robot controller 30 for displaying the hand 12 as well
as the shape data and layout data of the robot mechanism
26 previously stored in the memory 38. Based on these
data, the region occupied by the robot mechanism 26 in
the layout space is calculated. On the basis of the result
of this calculation, the 3D-�displaying of the robot mech-
anism 26 (for the whole or part of it) is carried out.
�[0038] In order to display the peripheral equipment 34,
the CPU 36 receives data representing the existing con-
dition of the peripheral equipment 34 from the robot con-
troller 30, and determines a display content on the basis
of the received data and the shape data of the peripheral
equipment 34 previously stored in the memory 38 (see
an example described later).
�[0039] Also, for example, if it is required that a condition
where a workpiece is gripped by the hand 12 is displayed
on the screen 14, the shape data of the workpiece in the
form of an appendix or inclusion of the shape data of the
hand 12 as well as the correlation in position and orien-
tation between the hand 12 and the workpiece in the
gripped condition should be previously stored in the
memory 38 of the teaching unit 32. The CPU 36 uses
these data and executes the operation for 3D- �displaying
the image of the workpiece gripped by the hand 12 (see
an example described later).
�[0040] Further, for example, if the peripheral equip-
ment 34 is a transfer device (e.g., a machined-�workpiece
forwarding section of a machine tool) for transferring the
workpiece placed on a workpiece support toward a hand
grippable position, the position of the workpiece is deter-

mined by the existing condition of the peripheral equip-
ment 34. Therefore, the CPU 36 uses the existing con-
dition data of the peripheral equipment 34 and the shape
data of the workpiece, so as to execute the operation for
3D-�displaying the existing position of the workpiece on
the screen 14.
�[0041] Next, at step S2, a user (or an operator) desig-
nates a position (or a point) on the screen 14, which is
desired as the origin of a manual-�mode operating system.
The position to be designated can be selected by, for
example, shifting a pointer mark on the screen 14 to the
desired point by operating an operation key 40 and there-
after depressing the manual- �mode coordinate system
setting key "f" (i.e., the coordinate system data input func-
tion of the first input section 18). Alternatively, it is pos-
sible to provide the screen 14 with a touch panel function,
and thus for the operator to shift the pointer toward the
desired point by touching a pen-�like touch tool to the de-
sired point. In this manner, the origin coordinate data of
the manual-�mode coordinate system desired by the user
can be input.
�[0042] Next, at step S3, the CPU 36 of the teaching
unit 32 calculates the three-�dimensional position coordi-
nate of the origin of the manual-�mode coordinate system
corresponding to the designated point, under the desig-
nation of the origin position on the screen 14. Then, at
step S4, the CPU 36 receives data for determining the
orientation of the manual-�mode coordinate system (i.e.,
the directions of X, Y and 2 axes) from the robot controller
30, and sets the manual-�mode coordinate system having
the origin as the three-�dimensional position calculated at
step S3 (i.e., the manual-�mode coordinate system setting
function of the coordinate system setting section 20). The
origin coordinate data of the set manual-�mode coordinate
system and the data representing the directions of the
respective coordinate axes are stored in the memory 38
of the teaching unit 32, and also are issued to the robot
controller 30. At the same time, the CPU 36 executes the
operation for displaying a coordinate image, showing the
origin position the respective coordinate axes directions
of the manual-�mode coordinate system, on the screen
14.
�[0043] In this connection, the shape data and layout
data of the robot mechanism 26, the hand 12, the periph-
eral equipment 34, the workpiece, etc., may also be pre-
viously stored in a memory (not shown) of the robot con-
troller 30. In this arrangement, the CPU 36 of the teaching
unit 32 may transfer the two-�dimensional coordinate data
of the designated point to the robot controller 30 upon
receiving the designation of the origin position on the
screen 14, and then the CPU (not shown) of the robot
controller 30 may calculate the three- �dimensional posi-
tion coordinate of the origin of the manual-�mode coordi-
nate system corresponding to the designated point so as
to set the manual-�mode coordinate system (i.e., the func-
tion of the coordinate system setting section 20).
�[0044] It should be noted that the orientation of the
manual- �mode coordinate system can be determined in
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any suitable way. For example, it is possible to determine
the orientation of the manual- �mode coordinate system in
such a manner as to coincide with the orientation of a
currently valid tool coordinate system or the orientation
of a world coordinate system previously set in a robot. In
this arrangement, the CPU 36 of the teaching unit 32 (or
the CPU of the robot controller 30) executes a process
for setting the manual- �mode coordinate system, includ-
ing a coordinate axis parallel to a coordinate axis of an-
other coordinate system previously set for describing the
position and orientation of the robot, on the basis of the
origin coordinate data input on the screen 14. Alterna-
tively, the orientation may be determined by relating a
specific coordinate axis (e.g., the Z axis) to the orienta-
tion, etc. of the surface of an object corresponding to a
geometrical image designated on the screen 14, as de-
scribed later.
�[0045] Lastly, at step S5, the operator uses, in a suit-
able and necessary way, the operation keys 40 ("a3",
"a4", "b3", "b4", "c3", "c4") of the teaching unit 32, so as
to input orientation data for instructing the orientation of
the hand 12 in the manual-�mode coordinate system as
set (i.e., the orientation data inputting function of the sec-
ond input section 22). Then, the CPU 36 sends the ori-
entation data to the robot controller 30, and the robot
controller 30 controls the operation of the robot mecha-
nism 26 on the basis of the orientation data, so as to
adjust the orientation of the hand 12 by rotational motions
about three axes X, Y, Z in the manual-�mode coordinate
system (i.e., the function of the orientation adjusting sec-
tion 24). In this connection, the center point of the orien-
tation adjusting motion of the hand 12 coincides with the
position of the origin of the manual-�mode coordinate sys-
tem as set at step S4. If it is desired to change the center
point of the orientation adjusting motion, a setting clear
key "g" of the teaching unit 32 (see Fig. 4) is depressed,
for example, to clear the present setting, and thereafter
the step S2 and the steps subsequent thereto are again
executed.
�[0046] In the above process flow, the teaching unit 32
(or the display section 16) displays, in real time, the shift-
ing or moving state of the hand 12 on the screen 14 during
a period when the orientation of the hand is adjusted by
the robot controller 30 (or the orientation adjusting sec-
tion 24). In this connection, the conditions of the environ-
ment of the hand 12 (e.g., the distal end of the arm of the
robot mechanism 26) and of the peripheral equipment
34 are also displayed in real time on the screen 14, and
it is thus possible to confirm the shifting or moving state
of the peripheral equipment 34.
�[0047] Further, in the case where the origin of the man-
ual- �mode coordinate system is set on the hand 12, the
position of the origin of the set manual-�mode coordinate
system could be displaced relative to the hand 12 when
the hand 12 acts for opening or closing by operating, for
example, the key "h1" (a hand open key) or the key "h2"
(a hand close key) of the teaching unit 32. Therefore, it
is desirable to permit the origin position of the manual-

mode coordinate system to be automatically corrected
in response to the opening or closing action of the hand
12. In other words, it is advantageous that, in the case
where the end- �effector 12 is provide with a movable por-
tion and the coordinate system data designating the man-
ual- �mode coordinate system is input on the image of the
movable portion displayed on the screen 14 of the display
section 16, the coordinate system setting section 20
changes the coordinate system data in correspondence
to the actual motion of the movable portion and sets the
manual- �mode coordinate system on the basis of the co-
ordinate system data as changed.
�[0048] The process flow executed by the coordinate
system setting section 20 (or the CPU 36 of the teaching
unit 32) having the above configuration will be described
below with reference to Fig. 6. The illustrated process
flow is started just after step S4 in a routine shown in Fig.
5, and repeatedly executed in a predetermined cycle.
�[0049] First, at step SS1, it is judged whether the origin
of the set manual-�mode coordinate system is located on
the hand 12. If the origin is located on the hand 12, the
process proceeds to step SS2, or otherwise, the process
is terminated.
�[0050] Next, at step SS2, data representing the exist-
ing position of the hand 12 (or the existing position of the
additional control axis) is acquired from the robot con-
troller 30, and is compared with the other existing position
data of the hand acquired in a previous processing cycle,
so as to judge whether the hand 12 has acted for opening
or closing. If the difference is found in relation to the ex-
isting position of the hand 12, it is judged that the hand
12 has acted, and thus the process proceeds to step
SS3. On the other hand, if the difference is not found in
the existing position, step SS2 is executed again in the
next processing cycle. In this connection, in the first cycle
of processing, it is unconditionally judged that "there is
no difference" (i.e., that the hand 12 has not acted), and
step SS2 is executed again in the next processing cycle.
�[0051] Next, at step SS3, the position of the new origin
is calculated on the basis of the amount of difference in
relation to the existing position of the hand 12, and the
current set data of the manual-�mode coordinate system
is updated. The position of the manual-�mode coordinate
system displayed on the screen 14 is also changed.
Thereafter, steps SS2 and SS3 are repeatedly executed
according to the condition of the hand 12. However, if
the setting clear key "g" of the teaching unit 32 is de-
pressed, the process is immediately terminated. At the
step S5 in Fig. 5, the orientation adjustment is carried
out by using the manual-�mode coordinate system as up-
dated in this manner.
�[0052] The above positional-�change procedure for the
manual-�mode coordinate system, accompanying with
the change in the condition of the end-�effector, may also
be applied to the configuration in which the end-�effector
12 other than the hand 12 is attached to the robot mech-
anism 26. For example, in the case where the end-�effec-
tor 12 is a spot welding gun, it is possible to change the
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position of the origin of the manual-�mode coordinate sys-
tem set on a movable portion of the spot welding gun, in
a procedure similar to the above- �described procedure.
Further, data for clarifying the existing condition of the
end-�effector 12 is not limited to the existing position data
of the additional control axis, but the other data may be
used for this purpose. For example, a procedure may be
adopted such that the amount of displacement between
the opening and closing states of the hand 12 is previ-
ously input and the existing condition is judged whether
the hand is in the opening state or in the closing state,
so that the origin position of the manual-�mode coordinate
system is changed according to the judged condition.
�[0053] Next, one example of the setting procedure of
the manual-�mode coordinate system, carried out by us-
ing the screen 14 of the teaching unit 32, will be described
below with reference to Figs. 7 and 8. Referring to Fig.
7, the 3D image of a working environment displayed on
the screen 14 at step S1 of Fig. 5 (i.e., depressing the
key "d") and an example of an origin designation for the
manual- �mode coordinate system (i.e., a picking by a
pointer) are illustrated. In the illustrated example, in order
to teach the robot a task for placing a workpiece W on a
workpiece support 42 transferred to a predetermined po-
sition by a transfer device (or the peripheral equipment)
34, the orientation adjustment of the hand 12 is carried
out. The image displayed on the screen 14 includes im-
ages showing the respective existing positions of the
hand 12, the workpiece W gripped by the hand 12, the
transfer device (or the peripheral equipment) 34, and the
workpiece support 42 clearly representing the existing
condition of the transfer device 34.
�[0054] While viewing the screen 14, the operator picks,
by a pointer, a center point desired during a period when
the orientation of the hand 12 is adjusted (step S2 in Fig.
5). It is illustrated that a point A on the workpiece W is
picked. Thereupon, steps S3 and S4 in Fig. 5 are exe-
cuted, and thereby the manual-�mode coordinate system
with the origin at the point A is determined. As the point
A indicates a portion on the workpiece W, the three-�di-
mensional position of the point A is calculated as the
position of an intersection between a contour defining a
region occupied by the workpiece W and a straight line
in the viewing direction of the 3D display that passes
through the point A. The result of the determination is
sent to the robot controller 30 and, then, the setting of
the manual-�mode coordinate system is completed. The
set manual-�mode coordinate system is displayed on the
screen 14 in the form of, for example, an image repre-
senting a rectangular three axes, as shown in Fig. 8. The
determination of the directions of respective coordinate
axes is performed in a manner as already described.
�[0055] Then, the operator uses, in a suitable and nec-
essary way, the operation keys "a3", "a4", "b3", "b4", "c3",
"c4" of the teaching unit 32 while viewing the screen 14,
so as to carry out the desired orientation adjustment of
the hand 12 (step S5 in Fig. 5). The center point in this
orientation adjusting motion is the point A. As already

described, the condition of the hand 12 and its environ-
ment (e.g., the distal end of the arm) changing during the
orientation adjustment is displayed in real time on the
screen 14. Also, the change in the condition of the pe-
ripheral equipment 34, and the opening or closing action
of the hand 12, are displayed on the screen 14. Further-
more, in the case where the origin B (Fig. 7) of the man-
ual- �mode coordinate system has been set on the hand
12, the position of the origin of the manual-�mode coordi-
nate system will be automatically corrected through the
previously described steps SS1 to SS3 when the hand
12 acts to open or close.
�[0056] There are other ways to designate the origin of
the manual-�mode coordinate system. One example
thereof will be described with reference to Figs. 7 and 8.
In the illustrated example, the 3D position of the origin of
the manual- �mode coordinate system is determined by
point designations in two different directions.
�[0057] First, the viewing direction of the 3D display on
the screen 14 is conformed to a direction of one coordi-
nate axis of a desired one of various coordinate systems
defined in a layout space (e.g., a world coordinate system
previously set in the robot) by, for example, appropriately
operating the keys "e1" to "e6" of the teaching unit 32,
so as to display a graphical image. In Fig. 9, the image
is displayed in the 3D way as viewed from a +Z axis
direction. Then, the desired point C is designated on the
image shown in Fig. 9. As a result of this, the X and Y
coordinates of the position of the origin of the manual-
mode coordinate system are determined. Next, the im-
age as displayed is changed to the 3D image as viewed
from the +X axis direction, as shown in Fig. 10, and the
desired point D is designated on the image in Fig. 10. As
a result of this, the Z coordinate of the position of the
origin of the manual-�mode coordinate system is deter-
mined. In this way, the three- �dimensional position of the
origin of the manual-�mode coordinate system is surely
determined, and the manual-�mode coordinate system is
set in accordance with the already described procedure
and is displayed on the screen as exemplarily shown in
Fig. 11. This origin designation procedure based on the
point designations in two different directions may be pref-
erably applied to the case where the desired origin is
located at a position not easily visible on the screen 14,
or to the case where the desired origin is located in midair
at which no object is displayed (e.g., an intermediate point
between the left and right grasping parts of the hand 12).
�[0058] Another example of the origin designation of
the manual-�mode coordinate system will be described
with reference to Figs. 12 and 13. In the illustrated ex-
ample, instead of directly designating the origin of the
manual- �mode coordinate system on the screen 14, a de-
sired diagram (i.e., an area surrounded by a graphic line)
or diagram part (i.e., a graphic line or point) in the dis-
played image is designated and the origin coordinate is
determined in accordance with a predetermined rule. In
Fig. 12, a circular arc 44 in the 3D image is illustrated to
be designated on the screen 14. The area surrounded
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by the circular arc 44 in Fig. 12 represents, for example,
a hole formed in the workpiece support 42 and, in such
a case as to teach the task of inserting a rod-�like work-
piece (not shown) gripped by the hand into this hole, the
circular arc 44 or the surrounded area thereof (i.e., the
hole) is picked by the pointer. Then, the CPU 36 of the
teaching unit 32 calculates the three- �dimensional posi-
tion of, for example, the center point of the circular arc
44, and identifies the calculated position with the origin
position of the manual- �mode coordinate system.
�[0059] In the above example, the orientation or axis-
direction of the manual-�mode coordinate system is de-
termined in such a manner that, for example, the +Z axis
direction conforms to a direction perpendicular to a three-
dimensional plane defined by the circular arc 44 and co-
incides with a direction of a +Z axis of one basic or com-
mon coordinate system predetermined in a layout space
(hereinafter referred to as a layout coordinate system).
However, if a normal line on the plane defined by the
circular arc 44 is parallel to the XY plane of the layout
coordinate system, the axis-�direction of the manual-
mode coordinate system is determined so that the +2
axis direction conforms to a direction of a +X axis of the
layout coordinate system. If the orientation of the manual-
mode coordinate system still cannot be determined, � then
the axis- �direction is determined so that the +Z axis direc-
tion conforms to a direction of a +Y axis of the layout
coordinate system. On the other hand, the +X axis direc-
tion of the manual- �mode coordinate system may be de-
termined so that, for example, the projection of the +X
axis thereof on the XY plane of the layout coordinate
system coincides with the +X axis of the layout coordinate
system. When the +2 axis direction and the +X axis di-
rection have been determined in this way, the manual-
mode coordinate system, which is a right-�handed rectan-
gular coordinate system, is uniquely determined. Fig. 13
shows a display example of the manual-�mode coordinate
system as set in this procedure.
�[0060] In the above procedure, the "face" of an object
(or an image), surrounded by a closed curve, may be
designated, instead of designating the closed curve such
as the circular arc. When the "face" is designated, the
position of the center of gravity of a contour diagram en-
circling the "face", for example, is identified with the origin
of the manual-�mode coordinate system. The determina-
tion of the orientation or axis- �direction of the coordinate
system may be performed in the same manner as in the
above- �described example of the circular arc. Alternative-
ly, "a line segment", having distinct opposed ends, of an
object (or an image) may be designated. In this case, for
example, the midpoint of the designated "line segment"
may be identified with the origin of the manual-�mode co-
ordinate system. The determination of the orientation of
the coordinate system may be performed by, for exam-
ple, making it conform to the orientation of the tool coor-
dinate system as currently set.
�[0061] In any event, in the case where the coordinate
system data, input through the teaching unit 32, includes

data of a geometrical image implying an input position
on the screen 14 of the display section 16, the coordinate
system setting section 20 (or the CPU 36) may set the
manual-�mode coordinate system so as to coincide with
a coordinate system previously set in association with
the geometrical image, on the basis of the data of the
geometrical image as input.
�[0062] In the manual-�mode operating system accord-
ing to the present invention, a data processor, such as a
personal computer, may be used to perform the calcula-
tions, etc. necessary for displaying images, in addition
to the configuration of the embodiment shewn in Fig. 3.
The configuration of a manual-�mode operating system
according to such an alternative embodiment of the
present invention will be described below with reference
to Fig. 14. The embodiment shown in Fig. 14 relates,
similarly to the embodiment of Fig. 3, to the manual-�mode
operating system 10 for an actual robot, as shown in Fig.
2A, so that the corresponding components are denoted
by common reference numerals and the descriptions
thereof are not repeated. In the embodiment shown in
Fig. 14, a robot controller 30 controls the operations of
respective control axes provided in the robot mechanism
26 as well as the operation of a movable hand (or the
end-�effector) 12 attached to the distal end of an arm.
�[0063] The robot controller 30 is connected to a per-
sonal computer 46, in addition to the robot mechanism
26, a teaching unit 32 and peripheral equipment 34. The
teaching unit 32 has a basic configuration generally iden-
tical to that used in the embodiment of Fig. 3, but there
is a certain difference in relation to the storing, handling,
calculations, etc. of the data associating with the 3D
graphic display. More specifically, in the system config-
uration shown in Fig. 14, the coordinate system setting
section 20 (Fig. 2A), performing the storing, handling,
calculations, etc. of the data associating with the 3D
graphic display, is provided in the personal computer 46.
The personal computer 46 performs the setting of the
manual-�mode coordinate system in a procedure accord-
ing to a flowchart shown in Fig. 15, as described below.
�[0064] First, when the key "d" of the teaching unit 32
is depressed, for example, the depressed state is trans-
mitted to the personal computer 46 via the robot controller
30. Then, at step T1, the personal computer 46 acquires
existing condition data, representing the existing position
of the robot mechanism 26, the existing condition of the
peripheral equipment 34, the acting state of the hand 12
(i.e., the existing position of the additional axis), etc., from
the robot controller 30, and stores them into a memory
or storage section (not shown).
�[0065] Next, at step T2, the personal computer 46 cre-
ates a signal representing a 3D graphic image including
at least the image of the hand 12, based on the shape
data, layout data, etc. of the robot mechanism 26, hand
12, peripheral equipment 34, workpiece, etc., previously
stored in the memory, as well as on the data received
from the robot controller 30 at step T1.
�[0066] Next, at step T3, the personal computer 46
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transfers the signal representing the 3D graphic image,
created at step T2, to the teaching unit 32 via the robot
controller 30, so as to enable the teaching unit 32 to dis-
play the 3D graphic image including the image of the
hand 12 on the screen 14. The image displayed in this
way is similar to that described in relation to the embod-
iment of Fig. 3. In this connection, the personal computer
46 may also execute the 3D graphic display on its own
screen by using the signal of the 3D graphic image.
�[0067] Next, at step T4, the origin of the manual-�mode
coordinate system (or the center point for the orientation
adjusting motion of the hand 12) is designated in the
same manner as described in the embodiment of Fig. 3.
Then, at step T5, the personal computer 46 acquires the
data of the origin designated at step T4 from the teaching
unit 32 via the robot controller 30. At step T6, the CPU
of the personal computer 46, receiving the origin data,
calculates the three-�dimensional position of the desig-
nated origin. The calculation is performed in a way as
described in relation to the embodiment of Fig. 3.
�[0068] Next, at step T7, the personal computer 46 re-
ceives data for determining the orientation of the manual-
mode coordinate system (or the directions of X, Y and Z
axes) from the robot controller 30, and sets the manual-
mode coordinate system with the origin located at the
three- �dimensional position (or the center position for the
orientation adjustment) calculated at step T6. Data indi-
cating the origin position and respective coordinate-�axis
directions of the manual-�mode coordinate system as set
are transmitted to the teaching unit 32, as well as to the
robot controller 30, and the set manual-�mode coordinate
system is displayed on the screen 14 as shown in, for
example, Fig. 8.
�[0069] When the manual-�mode coordinate system has
been set in this way, the operator uses, in a suitable and
necessary way, the operation keys "a3", "a4", "b3", "b4",
"c3", "c4" of the teaching unit 32, at step T8, so as to
carry out the desired orientation adjustment of the hand
12. The center point in this orientation adjusting motion
is the origin of the set manual-�mode coordinate system.
If it is desired to change the center point of the orientation
adjusting motion, a setting clear key "g" of the teaching
unit 32 (see Fig. 4) is depressed, for example, and there-
after the step T1 and the steps subsequent thereto are
again executed. During this procedure, the teaching unit
32 also displays, in real time, the existing orientation of
the hand 12, the existing condition of the peripheral
equipment 34, etc. on the screen 14, in the same way as
the embodiment of Fig. 3. However, the necessary cal-
culations and the creation of the display data based ther-
eon are performed by the personal computer 46, and the
results are transferred to the teaching unit 32 so as to be
used for producing a graphic display on the screen 14.
�[0070] The designation of the position of the origin of
the manual-�mode coordinate system and the setting of
the coordinate system (steps T4 to T7) may also be ac-
complished in other ways, such as the point designations
from two different directions and the coordinate system

setting based thereon (see Figs. 9 to 11), or the diagram
or diagram- �part designation and the coordinate system
setting based thereon (see Figs. 12 and 13), as already
described. Further, the origin can also be corrected in
association with the opening or closing action of the hand.
However, the necessary calculations and the creation of
the display data based thereon are performed by the per-
sonal computer 46, not in the teaching unit 32, and the
data representing the display content is transferred via
the robot controller 30 to the teaching unit 32 so as to be
used for producing a display on the screen 14.
�[0071] Further, in the system configuration shown in
Fig. 14, the robot mechanism 26 and the robot controller
30 of the actual robot may be separated from the system,
and the personal computer 46 having the function of an
off-�line simulation device may be adopted. In this em-
bodiment, the teaching unit 32 is directly connected to
the personal computer 46 (or alternatively, the robot con-
troller 30 is used exclusively for a data transfer), so that
a simulation robot provided in the personal computer 46,
not the actual robot, is operated (i.e., operated on the
screen) by the operation of the teaching unit 32. The em-
bodiment shown in Fig. 16 relates to the manual-�mode
operating system 10 for a simulation robot, as shown in
Fig. 2B, so that the corresponding components are de-
noted by common reference numerals and the descrip-
tions thereof are not repeated. The process flow of the
personal computer 46 in the manual-�mode operating sys-
tem 10 for the simulation robot will be described below
with reference to Fig. 16.
�[0072] First, when the key "d" of the teaching unit 32
is depressed, the depressed state is transmitted to the
personal computer 46. Then, at step U1, the personal
computer 46 displays a condition just before the simula-
tion robot previously provided for a simulating operation
adjusts the orientation of an end-�effector (e.g., an imag-
inary hand 12), on the screen of the personal computer
46 in itself, in the form of a 3D graphic image, together
with the image of the end-�effector and/or the image of
peripheral equipment. In this connection, if the position
and/or orientation of the simulation robot as displayed is
inappropriate, the teaching unit 32 is operated in a man-
ual mode to correct the position and/or orientation of the
simulation robot so as to be appropriate, just before the
orientation adjustment. As for the coordinate system for
this manual mode operation, a world coordinate system
or a tool coordinate system, previously set on a simulation
system, may be designated.
�[0073] Next, at step U2, the personal computer 46
transfers a signal indicating the above image to the teach-
ing unit 32, and executes the operation for displaying the
3D graphic image including the image of the end-�effector
on the screen 14 of the teaching unit 32. The image as
displayed in this way is similar to the one displayed in
the embodiment of Fig. 3.
�[0074] Next, at step U3, the origin of the manual-�mode
coordinate system (or the center point for the orientation
adjusting motion of the end-�effector) is designated in the
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same manner as described in the embodiment of Fig. 3.
Then, at step U4, the personal computer 46 acquires the
data of the origin designated at step U3 from the teaching
unit 32. At step U5, the CPU of the personal computer
46, after acquiring the origin data, calculates the three-
dimensional position of the designated origin. The calcu-
lation is performed in a way described in relation to the
embodiment of Fig. 3.
�[0075] Next, at step U6, the personal computer 46 se-
lects data for determining the orientation of the manual-
mode coordinate system (or the directions of X, Y and Z
axes) from among data provided for the simulating op-
eration (e.g., selects the orientation of the tool coordinate
system), and sets the manual- �mode coordinate system
with the origin located at the three-�dimensional position
(or the center position for the orientation adjustment) cal-
culated at step U5. Data indicating the origin position and
respective coordinate-�axis directions of the manual-
mode coordinate system as set are stored in the personal
computer 46 and also transmitted to the teaching unit 32,
and the set manual- �mode coordinate system is displayed
on the screen 14 as shown in, for example, Fig. 8.
�[0076] When the manual-�mode coordinate system has
been set in this way, the operator uses, in a suitable and
necessary way, the operation keys "a3", "a4", "b3", "b4",
"c3", "c4" of the teaching unit 32, at step U7, so as to
carry out the desired orientation adjustment of the end-
effector (such as the imaginary hand 12 attached to the
simulation robot). The center point in this orientation ad-
justing motion is the origin of the set manual- �mode co-
ordinate system. If it is desired to change the center point
of the orientation adjusting motion, a setting clear key "g"
of the teaching unit 32 (see Fig. 4) is depressed, for ex-
ample, and thereafter the step U1 and the steps subse-
quent thereto are again executed. During this procedure,
the teaching unit 32 also displays, in real time, the existing
orientation of the end-�effector, the existing condition of
the imaginary peripheral equipment 34, etc. on the
screen 14, in the same way as the embodiment of Fig.
3. However, the necessary calculations and the creation
of the display data based thereon are performed by the
personal computer 46, and the results are transferred to
the teaching unit 32 so as to be used for producing a
graphic display on the screen 14.
�[0077] The designation of the position of the origin of
the manual-�mode coordinate system and the setting of
the coordinate system (steps U3 to U6) may also be ac-
complished in other ways, such as the point designations
from two different directions and the coordinate system
setting based thereon (see Figs. 9 to 11), or the diagram
or diagram- �part designation and the coordinate system
setting based thereon (see Figs. 12 and 13), as already
described. Further, the origin can also be corrected in
association with the opening or closing action of the hand.
However, the necessary calculations and the creation of
the display data based thereon are performed by the per-
sonal computer 46, not in the teaching unit 32, and the
data representing the display content is transferred to

the teaching unit 32 so as to be used for producing a
display on the screen 14.
�[0078] As will be clearly understood from the above
description, according to the present invention, it is pos-
sible to properly operate a robot in a manual mode by an
operator, and not necessarily a skilled operator. This also
makes it possible to reduce a time required for the teach-
ing of the robot system. Furthermore, when the present
invention is applied to the manual mode operation of a
simulation robot in an off-�line programming system, it be-
comes possible to reduce a time required for the off- �line
programming.

Claims

1. A manual- �mode operating system for a robot provid-
ed with an end-�effector (12), comprising a display
section (16), a first input section (18), a coordinate
system setting section (20), a second input section
(22) and an orientation adjusting section (24), char-
acterised by, �

the display section (16) including a screen (14)
for displaying an image of an end-�effector (12);
the first input section (18) for an input of coordi-
nate system data on the screen (14) of the dis-
play section (16), displaying the image of the
end-�effector (12), the coordinate system data
designating a manual-�mode coordinate system
used for describing an orientation of the end-
effector (12);
the coordinate system setting section (20) for
setting the manual-�mode coordinate system at
a spatial position corresponding to an input po-
sition on the screen (14) of the display section
(16), based on the coordinate system data input
through the first input section (18);
the second input section (22) for an input of ori-
entation data using the manual-�mode coordi-
nate system set through the coordinate system
setting section (20), the orientation data instruct-
ing the orientation of the end-�effector (12);
and the orientation adjusting section (24) for ad-
justing the orientation of the end-�effector (12),
based on the orientation data input through the
second input section (22).

2. A manual-�mode operating system, as set forth in
claim 1, characterised by, a robot mechanism in-
cluding the end- �effector (12), wherein the orientation
adjusting section (24) controls an actual motion of
the robot mechanism in a manual mode, to adjust
an actual orientation of the end-�effector (12), based
on the orientation data.

3. A manual-�mode operating system, as set forth in
claim 2, characterised by, a robot controller (30)
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for controlling a motion of the robot mechanism,
wherein the orientation adjusting section (24) is pro-
vided in the robot controller (30).

4. A manual-�mode operating system, as set forth in
claim 3, wherein the coordinate system setting sec-
tion (20) is provided in the robot controller (30).

5. A manual-�mode operating system, as set forth in
claim 1, characterised by, a teaching unit (32) con-
nected to the orientation adjusting section (24),
wherein the display section (16), the first input sec-
tion (18) and the second input section (22) are pro-
vided in the teaching unit (32).

6. A manual-�mode operating system, as set forth in
claim 5, wherein the coordinate system setting sec-
tion (20) is provided in the teaching unit (32).

7. A manual-�mode operating system, as set forth in
claim 1, characterised by, a data processor (46)
connected to the orientation adjusting section (24),
wherein the coordinate system setting section (20)
is provided in the data processor (46).

8. A manual-�mode operating system, as set forth in
claim 1, characterised by, a data processor (46)
provided with the orientation adjusting section (24),
wherein the orientation adjusting section (24) adjusts
the orientation of the end-�effector (12) represented
as the image displayed on the screen (14) of the
display section (16), based on the orientation data.

9. A manual-�mode operating system, as set forth in
claim 1, wherein the display section (16) displays the
manual-�mode coordinate system, set through the
coordinate system setting section (20), on the screen
(14).

10. A manual-�mode operating system, as set forth in
claim 1, wherein the display section (16) displays a
shifting state of the end-�effector (12) during a period
when the orientation is adjusted by the orientation
adjusting section (24).

11. A manual-�mode operating system, as set forth in
claim 1, further characterised by, a storage section
for storing working environment data including
shape data of the end-�effector (12), wherein the dis-
play section (16) acquires working environment data
from the storage section and displays an image of a
working environment including the image of the end-
effector (12) on the screen (14).

12. A manual-�mode operating system, as set forth in
claim 1, wherein the coordinate system data, input
through the first input section (18), includes origin
coordinate data of the manual-�mode coordinate sys-

tem, and wherein the coordinate system setting sec-
tion (20) sets the manual-�mode coordinate system,
including a coordinate axis parallel to a coordinate
axis of another coordinate system previously set for
describing position and orientation of the robot,
based on the origin coordinate data input through
the first input section (18).

13. A manual-�mode operating system, as set forth in
claim 1, wherein the coordinate system data, input
through the first input section (18), includes data of
a geometrical image implying an input position on
the screen (14) of the display section (16), and
wherein the coordinate system setting section sets
the manual-�mode coordinate system so as to coin-
cide with a coordinate system previously set in as-
sociation with the geometrical image, based on the
data of the geometrical image input through the first
input section (18).

14. A manual-�mode operating system, as set forth in
claim 1, wherein the end- �effector (12) is provide with
a movable portion and wherein, when the coordinate
system data designating the manual-�mode coordi-
nate system is input on an image of the movable
portion displayed on the screen (14) of the display
section (16), the coordinate system setting section
(20) changes the coordinate system data in corre-
spondence to an actual motion of the movable por-
tion and sets the manual- �mode coordinate system,
based on the coordinate system data as changed.

Patentansprüche

1. Ein Handbetrieb-�Betriebssystem für einen Roboter
der mit einem Greifelement (12), einem Anzeigeteil
(16), einem ersten Eingabeteil (18), einem Koordi-
natensystem-�Einstellungsteil (20), einem zweiten
Eingabeteil (22) und einem Ausrichtungs-�Justie-
rungsteil (24) ausgestattet ist,�
gekennzeichnet durch
den Anzeigeteil (16) der einen Bildschirm (14) zum
Anzeigen eines Bildes des Greifelements (12) um-
fasst; �
den ersten Eingabeteil (18) zur Eingabe von Koor-
dinatensystem- �Daten auf den Bildschirm (14) des
Anzeigeteils (16), der ein Bild des Greifelements (12)
anzeigt, wobei die Koordinatensystem-�Daten ein
Handbetrieb-�Koordinatensystem bezeichnen, das
zum Beschreiben einer Ausrichtung des Greifele-
ments (12) verwendet wird; �
den Koordinatensystem-�Einstellungsteil (20) zum
Einstellen des Handbetrieb-�Koordinatensystems
auf eine, mit einer Eingabeposition auf dem Anzei-
geteil (16) korrespondierende räumliche Position,
basierend auf den mit dem ersten Eingabeteil (18)
eingegebenen Koordinatensystem-�Daten;�
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den zweiten Eingabeteil (22) zur Eingabe von Aus-
richtungsdaten, die das mit dem Koordinatensy-
stem-�Einstellungsteil (20) eingestellte Handbetrieb-
Koordinatensystem verwenden, wobei die Ausrich-
tungsdaten die Ausrichtung des Greifelements (12)
steuern;�
und den Ausrichtungs-�Justierungsteil (24) zum Ju-
stieren der Ausrichtung des Greifelements (12), ba-
sierend auf den Ausrichtungsdaten die mit dem zwei-
ten Eingabeteil (22) eingegeben werden.

2. Das Handbetrieb-�Betriebssystem nach Anspruch 1,
gekennzeichnet durch eine ein Greifelement (12)
umfassende Robotervorrichtung, wobei der Ausrich-
tungs-�Justierungsteil (24) eine aktuelle Bewegung
der Robotervorrichtung im Handbetrieb kontrolliert,
um die aktuelle Ausrichtung des Greifelements (12)
basierend auf den Ausrichtungsdaten zu justieren.

3. Ein Handbetrieb-�Betriebssystem nach Anspruch 2,
gekennzeichnet durch einen Roboter- �Controller
(30) zum Kontrollieren einer Bewegung der Robo-
tervorrichtung, wobei der Ausrichtungs-�Justierungs-
teil (24) in dem Roboter-�Controller (30)�vorgesehen
ist.

4. Ein Handbetrieb-�Betriebssystem nach Anspruch 3,
wobei der Koordinatensystem-�Einstellungsteil (20)
in dem Roboter-�Controller (30) �vorgesehen ist.

5. Ein Handbetrieb-�Betriebssystem nach Anspruch 1,
gekennzeichnet durch eine Lern-�Einheit (32) die
mit dem Ausrichtungs-�Justierungsteil (24) verbun-
den ist, wobei der Anzeigeteil (16), der erste Einga-
beteil (18) und der zweite Eingabeteil (22) in der
Lern-�Einheit (32) vorgesehen sind.

6. Ein Handbetrieb-�Betriebssystem nach Anspruch 5,
wobei der Koordinatensystem-�Einstellungsteil (20)
in der Lern-�Einheit (32) vorgesehen ist.

7. Ein Handbetrieb-�Betriebssystem nach Anspruch 1,
gekennzeichnet durch einen Datenprozessor (46)
der mit dem Einstellungs-�Justierungsteil (24) ver-
bunden ist, wobei der Koordinatensystem- �Einstel-
lungsteil (20) in dem Datenprozessor (46) vorgese-
hen ist.

8. Ein Handbetrieb-�Betriebssystem nach Anspruch 1,
gekennzeichnet durch einen Datenprozessor (46)
in dem ein Ausrichtungs-�Justierungsteil (24) vorge-
sehen ist, wobei der Ausrichtungs-�Justierungsteil
(24) die Ausrichtung des Greifelements (12), darge-
stellt als das auf dem Bildschirm (14) des Anzeige-
teils (16) angezeigte Bild, basierend auf den Aus-
richtungsdaten justiert.

9. Ein Handbetrieb-�Betriebssystem nach Anspruch 1,

wobei der Anzeigeteil (16) das durch den Koordina-
tensystem-�Einstellungsteil (20) eingestellte Hand-
betrieb-�Koordinatensystem auf dem Bildschirm (14)
anzeigt.

10. Ein Handbetrieb-�Betriebssystem nach Anspruch 1,
wobei der Anzeigeteil (16) einen Verschiebestatus
des Greifelements (12) anzeigt, während die Aus-
richtung durch die Ausrichtungs- �Justierungseinheit
(24) justiert wird.

11. Ein Handbetriebs-�Betriebssystem nach Anspruch 1,
ferner gekennzeichnet durch einen Speicherteil
zum Speichern von Formdaten des Greifelements
(12) umfassende Arbeitsumgebungsdaten, wobei
der Anzeigeteil (16) Arbeitsumgebungsdaten vom
Speicherteil erhält, und ein Bild der Arbeitsumge-
bung, das ein Bild des Greifelements (12) umfasst,
auf dem Bildschirm (14) anzeigt.

12. Ein Handbetrieb-�Betriebssystem nach Anspruch 1,
wobei die mit dem ersten Eingabeteil (18) eingege-
benen Koordinatensystem-�Daten Ursprungskoordi-
natendaten des Handbetrieb-�Koordinatensystems
umfassen, und wobei der Koordinatensystem-�Ein-
stellungsteil (20) basierend auf den mit dem ersten
Eingabeteil (18) eingegebenen Ursprungskoordina-
ten-�Daten das Handbetrieb-�Koordinatensystem ein-
stellt, wobei das Handbetrieb-�Koordinatensystem
eine Koordinatenachse umfasst, die parallel zu einer
anderen Koordinatenachse ist, die vorher zum Be-
schreiben der Position und der Ausrichtung des Ro-
boters eingestellt worden ist.

13. Ein Handbetrieb-�Betriebssystem nach Anspruch 1,
wobei die mit dem ersten Eingabeteil (18) eingege-
benen Koordinatensystem-�Daten die Daten eines
geometrischen Bildes umfassen, die eine Eingabe-
position auf dem Bildschirm (14) des Anzeigeteils
(16) umfassen, und wobei der Koordinatensystem-
Einstellungsteil das Handbetrieb-�Koordinatensy-
stem so einstellt, dass es mit einem Koordinatensy-
stem übereinstimmt, das vorher in Verbindung mit
dem geometrischen Bild, basierend auf den mit dem
ersten Eingabeteil (18) eingegebenen Daten des
geometrischen Bildes, eingestellt wurde.

14. Ein Handbetrieb-�Betriebssystem nach Anspruch 1,
wobei das Greifelement (12) mit einem beweglichen
Teil bereitgestellt wird, und wobei, wenn die Koordi-
natensystem-�Daten, die ein Handbetrieb-�Koordina-
tensystem bezeichnen, in ein Bild des beweglichen
Teils, das auf dem Bildschirm (14) des Anzeigeteils
(16) angezeigt wird, eingeben werden, der Koordi-
natensystem-�Einstellungsteil (20) die Koordinaten-
system-�Daten korrespondierend zu einer aktuellen
Bewegung des beweglichen Teils ändert und basie-
rend auf den geänderten Koordinatensystem- �Daten
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ein manuelles Koordinatensystem einstellt.

Revendications

1. Système de fonctionnement en mode manuel pour
un robot doté d’un organe terminal effecteur (12),
comprenant une section d’affichage (16), une pre-
mière section d’entrée (18), une section de réglage
de système de coordonnées (20), une deuxième
section d’entrée (22) et une section d’ajustement
d’orientation (24), caractérisé par , �

la section d’affichage (16) incluant un écran (14)
pour afficher une image d’un organe terminal
effecteur (12) ;
la première section d’entrée (18) pour une en-
trée de données de système de coordonnées
sur l’écran (14) de la section d’affichage (16),
affichant l’image de l’organe terminal effecteur
(12), les données de système de coordonnées
désignant un système de coordonnées en mode
manuel utilisé pour décrire une orientation de
l’organe terminal effecteur (12) ;
la section de réglage de système de coordon-
nées (20) pour régler le système de coordon-
nées en mode manuel à une position spatiale
correspondant à une position d’entrée sur
l’écran (14) de la section d’affichage (16), sur la
base des données de système de coordonnées
entrées par l’intermédiaire de la première sec-
tion d’entrée (18) ;
la deuxième section d’entrée (22) pour une en-
trée de données d’orientation en utilisant le sys-
tème de coordonnées en mode manuel réglé
par l’intermédiaire de la section de réglage de
système de coordonnées (20), les données
d’orientation donnant des instructions sur
l’orientation de l’organe terminal effecteur (12) ;
et la section d’ajustement d’orientation (24) pour
ajuster l’orientation de l’organe terminal effec-
teur (12), sur la base des données d’orientation
entrées par l’intermédiaire de la deuxième sec-
tion d’entrée (22).

2. Système de fonctionnement en mode manuel selon
la revendication 1, caractérisé par  un mécanisme
de robot incluant l’organe terminal effecteur (12),
dans lequel la section d’ajustement d’orientation (24)
commande un mouvement réel du mécanisme de
robot dans un mode manuel, pour ajuster une orien-
tation réelle de l’organe terminal effecteur (12), sur
la base des données d’orientation.

3. Système de fonctionnement en mode manuel selon
la revendication 2, caractérisé par  une commande
de robot (30) pour commander un mouvement du
mécanisme de robot, dans lequel la section d’ajus-

tement d’orientation (24) est prévue dans la com-
mande de robot (30).

4. Système de fonctionnement en mode manuel selon
la revendication 3, dans lequel la section de réglage
de système de coordonnées (20) est prévue dans la
commande de robot (30).

5. Système de fonctionnement en mode manuel selon
la revendication 1, caractérisé par  une unité d’ap-
prentissage (32) connectée à la section d’ajuste-
ment d’orientation (24), dans lequel la section d’af-
fichage (16), la première section d’entrée (18) et la
deuxième section d’entrée (22) sont prévues dans
l’unité d’apprentissage (32).

6. Système de fonctionnement en mode manuel selon
la revendication 5, dans lequel la section de réglage
de système de coordonnées (20) est prévue dans
l’unité d’apprentissage (32).

7. Système de fonctionnement en mode manuel selon
la revendication 1, caractérisé par  un processeur
de données (46) connecté à la section d’ajustement
d’orientation (24), dans lequel la section de réglage
de système de coordonnées (20) est prévue dans le
processeur de données (46).

8. Système de fonctionnement en mode manuel selon
la revendication 1, caractérisé par  un processeur
de données (46) prévu avec la section d’ajustement
d’orientation (24), dans lequel la section d’ajuste-
ment d’orientation (24) ajuste l’orientation de l’orga-
ne terminal effecteur (12) représenté comme l’image
affichée sur l’écran (14) de la section d’affichage
(16), sur la base des données d’orientation.

9. Système de fonctionnement en mode manuel selon
la revendication 1, dans lequel la section d’affichage
(16) affiche le système de coordonnées en mode
manuel, réglé par l’intermédiaire de la section de ré-
glage de système de coordonnées (20), sur l’écran
(14).

10. Système de fonctionnement en mode manuel selon
la revendication 1, dans lequel la section d’affichage
(16) affiche un état de déplacement de l’organe ter-
minal effecteur (12) pendant une période où l’orien-
tation est ajustée par la section d’ajustement d’orien-
tation (24).

11. Système de fonctionnement en mode manuel selon
la revendication 1, caractérisé en outre par  une
section de stockage pour stocker des données d’en-
vironnement de travail incluant des données de for-
me de l’organe terminal effecteur (12), dans lequel
la section d’affichage (16) acquiert des données
d’environnement de travail à partir de la section de
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stockage et affiche une image d’un environnement
de travail incluant l’image de l’organe terminal effec-
teur (12) sur l’écran (14).

12. Système de fonctionnement en mode manuel selon
la revendication 1, dans lequel les données de sys-
tème de coordonnées, entrées par l’intermédiaire de
la première section d’entrée (18), incluent des don-
nées de coordonnées d’origine du système de coor-
données en mode manuel, et dans lequel la section
de réglage de système de coordonnées (20) règle
le système de coordonnées en mode manuel, in-
cluant un axe de coordonnées parallèle à un axe de
coordonnées d’un autre système de coordonnées
réglé auparavant pour décrire la position et l’orien-
tation du robot, sur la base des données de coor-
données d’origine entrées par l’intermédiaire de la
première section d’entrée (18).

13. Système de fonctionnement en mode manuel selon
la revendication 1, dans lequel les données de sys-
tème de coordonnées, entrées par l’intermédiaire de
la première section d’entrée (18), incluent des don-
nées d’une image géométrique impliquant une po-
sition d’entrée sur l’écran (14) de la section d’affi-
chage (16), et dans lequel la section de réglage de
système de coordonnées règle le système de coor-
données en mode manuel de façon à ce qu’il coïn-
cide avec un système de coordonnées réglé aupa-
ravant en association avec l’image géométrique, sur
la base des données de l’image géométrique entrées
par l’intermédiaire de la première section d’entrée
(18).

14. Système de fonctionnement en mode manuel selon
la revendication 1, dans lequel l’organe terminal ef-
fecteur (12) est prévu avec une partie mobile et dans
lequel, lorsque les données de système de coordon-
nées désignant le système de coordonnées en mode
manuel sont entrées sur une image de la partie mo-
bile affichée sur l’écran (14) de la section d’affichage
(16), la section de réglage de système de coordon-
nées (20) change les données de système de coor-
données en correspondance avec un mouvement
réel de la partie mobile et règle le système de coor-
données en mode manuel, sur la base des données
de système de coordonnées telles qu’elles sont
changées.
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